INTRODUCTION
endosperm. It is an excellent feed ingredient for cattle, buffalo, sheep, swine and poultry (Banerjee, 1999; . It furnishes comparable energy to other cereals and, at the same time, is a good source of protein and water soluble vitamins, especially thiamin, niacin, but has comparatively higher fiber content than other cereals (Seiden and Pfander, 1957) .
The feed industry in Pakistan is facing a serious problem of rancidity in RP due to high percentages of fat and lipolytic enzymes particularly when stored RP is used in the feed. Due to high lipid content, RP contains the necessary substrate for development of rancidity. Hydrolysis of the glycerides of the oil in RP to form free fatty acids in the untreated form is the principal cause of deterioration occurring rapidly during the first few days or weeks after milling (Randall et al., 1985; Ramezanzadeh et al., 1999a; Lone et al., 2003; Khalique et al., 2006) .
It is important to know the energy values of locally available RP prior to ration formulation. The most widely used energy system for poultry is Apparent Metabolizable Energy (AME) and True Metabolizable Energy (TME). The Metabolizable Energy of typical broiler feed formulated based on book value could easily vary by 2 MJ/kg or more. Therefore, it is important to know accurate values as these variations are very costly and they reduce the level of live performance and carcass quality and ultimately reduce profitability (Miller and Reinecke, 1984) .
The present study was undertaken to chemically analyze locally available RP stored for different intervals in the hot summer months, then to determine rancidity of RP in terms of TBA number and also determine AME and TME values of the birds fed on RP with and without antioxidant for different periods of time.
MATERIALS AND METHODS

Experimental birds
Fifteen Single Comb White Leghorn cockerels of 20 wks age and 1,300±20 g BW were divided into three groups i.e. 1, 2 and 3, and were randomly housed in individual cages, with dimensions of 30.5×30.5×30.5 cm, each having water and feeders. The shed temperature was maintained around 30°C and was fumigated with formaldehyde gas before the placement of birds. However, the humidity varied from 20 to 90% during this period. The experiment was conducted in the hot summer months (May till September) in the experimental unit of the University of Veterinary and Animal Sciences, Lahore, Pakistan. After shifting to the cages, the experimental birds were provided an adjustment period of 3 days.
Collection and processing of rice polishing
The RP (with 10-11% oil) was collected from a local rice mill in such a way that it was processed within 6 h of milling. Prior to storage the RP was divided into two groups i.e. 1 and 2. In group 1 the RP was mixed with antioxidant (Oxistat ® , which contained Butylated Hydroxytoluene, Butylated Hydroxyanisole, Ethoxiquine, Sodium Citrate, Calcium Carbonate) in a horizontal ribbon mixer at a dose rate of 250 g/ton, and in group 2 fresh RP was kept without antioxidant. After mixing, RP was packed in jute bags and stored at room temperature for 0, 4, 8, 12 and 16 wks and RP was analyzed for proximate composition (Table 2) and TBA values (Table 3) at the end of each storage period. Temperature and humidity of the storage room was recorded daily throughout the storage time of 16 weeks (Table 1) .
Force feeding procedure
The force feeding technique described by Sibbald, (1976) was used five times at 0 (treated as fresh), 4, 8, 12 and 16 weeks of storage. The birds were kept on 21h fasting to empty the alimentary canal and then 20 gms of RP was force-fed into the crop of each bird with a funnel of 1.3 cm internal and 1.5 cm external diameter. A plunger was used to push the feed into the crop of bird. At the same time representative samples of RP from each group were kept in airtight containers for chemical analysis. Birds in group 1 were force fed with RP containing antioxidant (diet 1, 3, 5, 7 and 9) and birds of group 2 with RP without antioxidant (diet 2, 4, 6, 8 and 10) at 0 (treated as fresh), 4, 8, 12 and 16 weeks of storage and group 3 (Control) remained on fasting for the determination of endogenous losses. Each bird was removed from the cage, fed the RP and placed back into same cage. Water was provided ad libitum. The same feeding technique was used in all five force feeding trials.
In the first trial, fresh RP with 0 weeks of storage (diet 1 and 2) was used followed by four feeding trials with 4 (diet 3, 4), 8 (diet 5, 6), 12 (diet 7, 8), and 16 (diet 9, 10) weeks of storage of RP.
Excreta collection
In all five trials excreta were collected over a period of 48 h (Sibbald, 1976; Chami et al., 1980) in individual tray covered with plastic sheet and placed at the bottom of each cage. Droppings on the wire mesh of the cage were also collected. The trays were detached, and feathers were removed from the droppings to avoid contamination. Excreta were oven dried at 60°C, weighed, homogenized and ground for the estimation of gross energy by adiabatic bomb calorimeter (IKA ® C2000 WERKE).
Calculation of metabolizable energy
Gross energy of test samples and collected excreta was determined on a DM basis at 0, 4, 8, 12 and 16 wk of storage periods of RP and AME and TME values were calculated by the following formulae used by Chami et al. (1980) . AME (kcal/kg) = IE-(FE+UE)/weight of sample×1,000 TME (kcal/kg) = IE-(FE+UE)+(FmE+UeE) /weight of sample×1,000
Where, IE = Gross energy ingested, FE = Fecal energy, UE = Urinary energy, FmE = Metabolic fecal energy and UeE = Endogenous urinary energy.
Determination of thiobarbituric acid values by modified extraction method
The absorption spectrum generated by adding the TBA reagent to the distillates or filtrate containing malendyaldehyde (MDA) was identical to that of the complex formed between TBA and 1,1,3,3-tetraethoxypropane, thus the TBA reaction was considered to be a valid indicator of MDA in feedstuffs (Salih et al., 1987; Hamilton and Kristein, 2003) .
Statistical analysis
The data on proximate analysis, TBA values and TME and AME were tabulated and subjected to statistical analysis using an analysis of variance technique according to a completely randomized design using the general linear models of Minitab ® software. Duncan's Multiple Range
Test and T-test were applied to compare the means.
RESULTS AND DISCUSSION
Proximate composition
Proximate composition of RP was not affected (p>0.05) throughout the storage period from 0-16 wks in both groups ( Table 2) . The values for crude protein (CP), ether extract (EE), crude fiber (CF) and crude ash and nitrogen free extract (NFE) observed in this study were lower compared with data reported by Mahatab (1985) , Sarkar and Bhattacharyya (1989) and Warren and Farrel (1990) . These variations in values are supported by the work of Loosli et al. (1954) who reported that chemical composition of RP varies widely due to different agro-ecological regions and processing methods; some processes allow for more addition of rice hulls than others. The data presented in Table 2 revealed that the chemical composition of RP used in this study was not influenced by the addition of antioxidant as well as different storage intervals from 0 through 16 weeks. These findings are in agreement with the studies of Ramezanzadeh et al. (2000) , Chrastil (1990) , Malekian et al. (2000) , Wadsworth and Koltun (1986) and Yeo and Shibamoto (1991) who reported non-significant effects of antioxidant and storage periods on the chemical composition of RP.
Thiobarbituric acid value (TBA value)
TBA value of the RP was affected by both factors i.e storage period as well as addition of antioxidant (Table 3) . A gradual and significant (p<0.05) change was observed in the TBA value of RP between both the groups i.e. 1 and 2 and all the storage intervals from 0-16 wks. The values ranged from 0.036-0.186 mg of MDA/kg for group 1 and 0.0367-0.234 mg of MDA/kg for group 2. Krik and Sawyer (1991) reported that refined rice bran stored in good condition has TBA values of 0.02-0.08, whereas crude oil or badly stored oils have values of 0.1-0.2. Thus, in the present study it can be assumed that RP stored with antioxidant can be considered in good condition up to week 12 as TBA value varied from 0.036 to 0.094 in this period; this compared to diets without antioxidant which after 8 weeks indicated bad storage conditions as the values varied from 0.174 to 0.234 (wk 8 to wk 16).
The TBA values of RP significantly increased with the increase in storage period irrespective of whether it was with or without antioxidant. However, it is evident that addition of antioxidant in RP drastically reduced the TBA values. This trend is supported by the findings of Hussein and Kratzer (1982) , who reported that the free fatty acid content of rice bran fat before storage was 13.7% and increased to 42.8% during a 3-month storage period. They further reported that by the addition of EDTA, free fatty acid content was maintained at 16.1% at the end of the storage period. Thus results from this experiment indicated that addition of antioxidant at 250 g/ton delayed the rancidity process.
Metabolizable energy
AME and TME values of RP of both the groups were determined after different storage periods (Table 3) . AME did not change significantly between fresh and rancid RP and it varied from 8.17 MJ/kg to 8.39 MJ/kg for group 1 birds fed on diets containing antioxidant and from 8.20 to 8.56 MJ/kg for birds of group 2 fed on diets without antioxidant over the 16 wks storage period. These findings are supported by the work of Hussien and Kratzer (1982) who stored rice bran for a period of three months under room temperature and concluded that rancidity had no Weeks of storage
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Rice polishing without antioxidant effect on the energy content of the rice bran. They also reported that there was no significant difference between the metabolizable energy and AME values of the diets containing fresh rice bran plus EDTA, rancid rice bran and rancid rice bran plus EDTA. The non-significant effect of rancidity on the energy content of RP is further supported by Scott et al. (1976) and Leeson and Summer (2001) who stated that hydrolytic rancidity does not interfere with the nutritional value of the rice bran and the fat that has undergone hydrolytic rancidity does not influence its nutritional profile. However, it was interesting to note that TME values in this study consistently increased with the increase in storage period from week 1 to week 16, but a significant difference (p<0.05) was only observed in the last week of storage (16 weeks), whereas the values were 10.71 and 10.75 for diet 9 and 10 when compared to values of all other storage periods ( Table 3 ). The mean value for the TME of group 1 varied from 10.11 to 10.71 MJ/kg and in group 2 it varied from 10.12 to 10.75 MJ/kg. The interesting point to note in the present study is that addition of an antioxidant had a significant (p<0.05) effect on TBA values, and the values increased with increase in storage period. Whereas TME and AME values consistently increased with the increase in storage period, the difference was only significant (p<0.05) when the RP was stored for 16 weeks. However, when the data was analysed to study the effect of antioxidant on the TME values, a non-significant (p>0.05) effect was observed (Table 3) .
The values obtained for TME in this study were lower than in the studies of Chami et al. (1980) , who reported the TME of rice bran as 13.6 MJ/kg, and Hussein and Kratzer (1982) , who observed a TME value of rancid rice bran of 13.9 MJ/kg which was higher than the TME values of this study. The lower TME values recorded in this study could be due to difference in varieties of rice and its processing techniques.
CONCLUSION
This study revealed that the thiobarbituric acid value increased with the increase in storage period of RP, but there was no significant effect of rancidity on the AME values of RP with the passage of storage time. However, the difference in TME values only became significant (p<0.05) when the RP was stored for 16 weeks. Addition of antioxidant showed a consistent trend in decreasing the rancidity of RP and prolonged the freshness of RP, but had no significant affect on energy values. It is therefore recommended that RP, being an economical and nutritious ingredient of poultry feed, must be obtained fresh from the rice mill and must be treated with antioxidant to reduce the rancidity.
